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Abstract: (1) Background: Smoking restrictions have been shown to be associated with reduced
smoking, but there are a number of gaps in the literature surrounding the relationship between
smoke-free policies and cessation, including the extent to which this association may be modified by
sociodemographic characteristics. (2) Methods: We analyzed data from the Tobacco Use Supplement
to the Current Population Survey, 2003–2015, to explore whether multiple measures of smoking
restrictions were associated with cessation across population subgroups. We examined area-based
measures of exposure to smoke-free laws, as well as self-reported exposure to workplace smoke-free
policies. We used age-stratified, fixed effects logistic regression models to assess the impact of each
smoke-free measure on 90-day cessation. Effect modification by gender, education, family income,
and race/ethnicity was examined using interaction terms. (3) Results: Coverage by workplace
smoke-free laws and self-reported workplace smoke-free policies was associated with higher odds of
cessation among respondents ages 40–54. Family income modified the association between smoke-free
workplace laws and cessation for women ages 25–39 (the change in the probability of cessation
associated with coverage was most pronounced among lower-income women). (4) Conclusions:
Heterogeneous associations between policies and cessation suggest that smoke-free policies may
have important implications for health equity.
Keywords: tobacco control policies; impact analysis; policies reducing disparities in tobacco use;
policy impacts on vulnerable populations
1. Introduction
Despite decades of progress in curbing tobacco use, smoking remains a leading cause of morbidity
and mortality in the United States [1]. Moreover, smoking and smoking-related illnesses are increasingly
characterized by socio-demographic disparities. In 2017, the prevalence of smoking was 23.1% among
adults with less than a high school education, compared to 7.1% among adults with an undergraduate
degree [1]. The expansion of policies that effectively encourage smoking cessation, particularly among
vulnerable groups, is urgently needed.
Smoking restrictions, including laws and policies that limit smoking in workplaces, restaurants,
and bars, have been extensively studied as tools to reduce smoking [2,3] and increase smoking
cessation [4–6]. For example, a review by Hopkins et al. found that exposure to smoke-free
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policies among workers was associated with a median increase in successful tobacco use cessation of
6.4 percentage points (interquartile interval= 2.0 p.p. to 9.7 p.p) [5]. However much of the evidence on
the effectiveness of smoking restrictions on cessation is drawn from studies of earlier time periods,
such as the 1990s and early 2000s, and it is not clear that these results remain relevant today [5].
More recently published studies on smoking restrictions have found mixed results with regard to the
effects of these policies on quit attempts [7,8] and several aspects of the contemporary relationship
between smoking restrictions and cessation remain understudied. For example, it is not known
whether workplace smoke-free laws passed at multiple jurisdictional levels remain effective in the
midst of the rapid proliferation of employer-based voluntary smoke-free policies. It is also unclear
how smoking restrictions interact with the landscape of smoking disparities. Analyses focusing on the
differential effects of smoking restrictions on an array of smoking outcomes have yielded inconsistent
results [8–10] and several reviews have noted that the equity impacts of smoke-free laws remain mixed
or inconclusive [11–13].
In this study, we examined whether smoking restrictions in workplaces and hospitality venues
were associated with cessation between 2003 and 2015 in nationally representative data. We utilized
multiple measures of smoking restrictions that encompass both regulatory policies (smoke-free laws)
and smoke-free policies from other sources (e.g., employer-based policies). We also assessed the
potential impact of smoking restrictions on health disparities by systematically examining whether
each smoke-free measure was differentially associated with smoking cessation by gender, education,
race/ethnicity, and income, and the intersection of these variables with age.
2. Materials and Methods
2.1. Study Population
We used four waves of cross-sectional data from the U.S. Tobacco Use Supplement to the Current
Population Survey (TUS-CPS), spanning 2003–2015. The CPS uses a multi-stage sampling design to
yield a sample that is representative of the civilian, non-institutionalized adult population at the state
and national levels [14]. The TUS is administered alongside the CPS in select years and months and
contains detailed questions on tobacco use. All eligible individuals within a selected household are
interviewed [14]. Data were downloaded from the Integrated Public Use Microdata Series (IPUMS)
at the University of Minnesota [15]. The Census Bureau imputed missing data on age, race/ethnicity,
and gender for all waves and missing data on family income for the last two waves [16]. Remaining
missing income data (approximately 10% of respondents in first two waves) were multiply imputed
using the method of chained equations with IVEware version 0.3 [17]. Variables used in the imputation
included year, age, race/ethnicity, education, gender, marital status, family size, employment status,
and longitudinally ascertained family income observations.
2.2. Analytic Sample
The analytic sample consisted of current smokers and former smokers who reported quitting
within the past year. In order to limit our study to established smokers, we excluded individuals if
we did not have information on their smoking behavior twelve months earlier and they reported
an age of initiation into smoking “fairly regularly” within two years of their current age. We also
limited the sample to respondents between the ages of 25 and 65. We chose this age range to capture
individuals who were likely to have completed their educational attainment (lower limit of age 25) and
who were of working age (upper limit of age 65). We excluded data from proxy respondents. Analyses
incorporated self-response survey weights.
2.3. Smoking Cessation
The outcome measure was a binary variable representing 90-day smoking cessation. The outcome
was considered present if an individual in the analytic sample reported quitting smoking at least
Int. J. Environ. Res. Public Health 2019, 16, 3200 3 of 12
90 days prior to the survey. The threshold of 90 days was chosen to mitigate concerns about relapse,
which would be more pronounced with 30-day and 60-day cessation measures.
2.4. Smoke-Free Laws and Self-Reported Workplace Smoke-Free Policies
We explored multiple measures of exposure to smoking restrictions. Continuous variables
capturing smoke-free laws in workplaces and hospitality venues (restaurants or bars) were created
to represent the percent of the population covered by each type of law within each U.S. core-based
statistical area (CBSA), comprised of single or multiple counties with economic and social linkages and
a “core” population center of at least 10,000 people [18]. Information on smoke-free laws was obtained
from the American Nonsmokers’ Rights Foundation (ANRF) Tobacco Control Laws Database [19].
Laws were considered present only if they met criteria for being considered “100% smoke-free” by
the ANRF. Based on methods described in previous literature [20], data on smoke-free laws passed
at the city, county, and state-level were combined with Census Bureau population estimates [21] to
calculate the percent of each CBSA’s population covered by smoke-free laws for each month and
year that the TUS-CPS survey was administered. Approximately one-third of the analytic sample
(unweighted) did not reside within a CBSA. These respondents were assigned a state-specific measure
representing the number of individuals outside of CBSAs covered by smoke-free laws divided by
the entire non-CBSA population within each state. Two separate variables were created to represent
smoke-free law coverage of 1) workplaces and 2) hospitality venues (restaurants or bars). Restaurant
and/or bar law coverage was combined into a single variable due to high correlation between these
law types.
In addition to CBSA-level measures of smoke-free law coverage, we also constructed a survey-based
binary variable to represent whether each individual reported being covered by a workplace smoke-free
policy, regardless of whether the policy was instituted by the government, an employer, or another
source. A workplace policy was considered present if an individual reported that smoking was
“not allowed in any work areas” and “not allowed in any public areas” when asked to describe
smoking policies at their place of work. These questions were only asked of individuals who were not
self-employed or retired and who reported working within the past week in an indoor environment
that was not someone’s home, so the analytic sample for this exposure was limited to this subsample
of survey respondents.
2.5. Key Sociodemographic Variables
We explored interactions with four primary sociodemographic variables to evaluate the relationship
between each smoke-free measure and cessation disparities: Gender (male, or female), education
(less than high school, high school or equivalent, some college, or college or above), race/ethnicity
(non-Hispanic White (NHW), non-Hispanic Black (NHB), Hispanic, or other non-Hispanic), and annual
family income (<$15k; $15k–$29,999; $30k–$49,999; $50k–$74,999; or >$75k).
2.6. Covariates
In order to examine interactions with age, we used age-stratified models (25–39; 40–54; and 55–65).
We chose these age categories based on observed trends in smoking and cessation. We included a
continuous age variable in all models to control for residual confounding by age. To adjust for other
aspects of the tobacco control environment, we included a variable representing the state-level annual
average cost of a cigarette pack from the CDC’s “Tax Burden on Tobacco, Volume 51”, [22] and a
variable representing state-level annual tobacco control expenditures per capita, based on information
from the Campaign for Tobacco-Free Kids [23]. Both of these variables were adjusted for inflation,
using 2016 as the reference year. Finally, we controlled for state-level anti-smoking sentiment by
including two variables representing the weighted proportion of individuals in each state 1) reporting
that they believed that smoking should not be allowed in bars and 2) indicating that no one was
allowed to smoke in their home. These variables were derived from self-response data in each survey
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period of the TUS-CPS. Models assessing the relationship between smoke-free workplace laws and
self-reported smoke-free workplace policies were adjusted for law coverage in hospitality venues, in
addition to the covariates previously described. When the exposure was smoke-free law coverage of
hospitality venues, models controlled for smoke-free law coverage of workplaces.
2.7. Statistical Analysis
Separate, age-stratified logistic regression models were used to examine the relationship between
each type of smoke-free measure and smoking cessation, with fixed effects for year and state to
control for time trends and unmeasured time-invariant state-level contextual factors. We used the full
analytic sample to evaluate the relationships between smoke-free laws in workplaces and hospitality
venues and cessation. A restricted analytic sample including only individuals who were asked about
smoke-free workplace policies in the TUS was used to evaluate the relationship between self-reported
policies and cessation. We explored differential associations between each smoke-free variable and
gender, education, race/ethnicity, and income through the inclusion of interaction terms in separate
models. In Model 1, we examined bivariate associations between each covariate and smoking cessation,
with state and year fixed effects. In Models 2 and 3, we explored the adjusted relationship between
smoke-free laws or self-reported workplace policies and cessation without interaction terms. For
each exposure, we then ran models that included an interaction term between the exposure and
gender. Next, we ran models that included an interaction between the exposure and an additional
sociodemographic variable (education, race/ethnicity, and family income), and a set of models with a
triple interaction term between the exposure, gender, and the additional sociodemographic variable to
test pre-specified questions regarding the effectiveness of smoke-free policies by the sociodemographic
factors and their intersections with gender. We tested the overall significance of each two-way and
three-way interaction. Statistical significance of three-way interaction terms suggested potential
effect modification by a combination of variables, which we then explored in more detail by running
gender-stratified models. Finally, we adjusted our effect modification analysis for multiple comparisons
using the Benjamini–Hochberg correction method. We calculated critical thresholds for p-values for
each exposure within each age strata, using a false discovery rate threshold of 0.05 [24]. We plotted
predicted probabilities of cessation when interactions were statistically significant after adjusting for
multiple comparisons.
We conducted several sensitivity analyses, including stratifying our analysis of workplace
smoke-free laws by working status (employed vs. not); using law exposure variables with a one-year
time lag; and examining whether there were differential effects for laws passed within the previous
two years, compared to laws in place for more than two years. We also tested whether the inclusion of
additional variables representing state-level demographic measures (i.e., percent below the federal
poverty level and percent unemployed) would impact results. Finally, we examined the sensitivity of
our results to the inclusion of variables capturing e-cigarette and smokeless tobacco use. All analyses
were conducted in Stata SE, version 14.0 and incorporated survey weights.
3. Results
3.1. Sample Characteristics
Details of the analytic sample are included in Table 1. The total number of individuals in the
sample was 102,834. Ninety-day smoking cessation increased over the study period, from 6.4% in 2003
to 8.9% in 2014–2015. Average smoke-free law coverage in 2003 was 9.7% for workplace laws and
17.2% for laws in hospitality venues, rising to 63.8% and 72.4% for workplace and hospitality laws,
respectively, in 2014–2015. Among individuals who were asked about smoke-free workplace policy
coverage, 72.1% reported that smoking was not allowed in work or public areas, increasing from 69.8%
in 2003 to 74.7% in 2014–2015.
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Table 1. Weighted characteristics of the U.S. Tobacco Use Supplement to the Current Population Survey
(TUS-CPS) analytic sample, 2003–2015.
Overall 2003 2006–2007 2010–2011 2014–2015
Total N 102,834 28,026 28,807 25,302 20,699
Age Categories
% 25–39 39.4% 40.4% 39.4% 38.8% 39.0%
% 40–54 41.0% 43.4% 42.5% 40.6% 36.6%
% 55–65 19.6% 16.1% 18.0% 20.5% 24.4%
Age (mean and s.d.) 43.4 (7.3) 42.6 (7.4) 43.1 (7.2) 43.6 (7.3) 44.3 (7.3)
% Male 54.2% 54.4% 54.2% 54.2% 54.2%
Race/Ethnicity
% Non-Hispanic White 73.6% 74.5% 75.0% 73.4% 70.8%
% Non-Hispanic Black 11.5% 11.2% 10.7% 11.7% 12.4%
% Hispanic 9.7% 9.3% 9.4% 9.6% 10.8%
% Other Non-Hispanic 5.2% 5.1% 4.8% 5.2% 6.0%
Education
% Less than High School 15.9% 16.2% 16.4% 15.2% 15.6%
% HS Graduate 38.5% 39.0% 38.8% 38.9% 37.3%
% Some College 31.0% 29.7% 30.0% 31.7% 32.9%
% College+ 14.6% 15.1% 14.8% 14.2% 14.2%
Income
% $0–14,999 19.4% 20.0% 17.2% 19.9% 20.9%
% $15,000–29,999 20.2% 20.8% 19.3% 21.3% 19.6%
% $30,000–49,999 23.7% 24.0% 24.5% 23.3% 22.6%
% $50,000–74,999 18.3% 18.5% 20.0% 17.3% 17.4%
% $75,000+ 18.4% 16.8% 19.0% 18.2% 19.5%
% Recent Cessation (90-days) 7.4% 6.4% 7.2% 7.4% 8.9%
Average % CBSA coverage–workplace laws 40.3% 9.7% 29.6% 60.6% 63.8%
Average % CBSA coverage–hospitality laws 48.5% 17.2% 38.4% 68.6% 72.4%
Average % self-reported–workplace policies a 72.1% 69.8% 67.0% 77.8% 74.7%
a Proportion calculated among individuals who were asked about workplace policies within the TUS-CPS
(N = 45,291).
3.2. Association Between Smoke-Free Measures and Cessation
The results of bivariate models and adjusted models without interaction terms are reported in
Table 2. In adjusted models without interaction terms, living in a CBSA with 100% workplace law
coverage was associated with a higher odds of smoking cessation for individuals ages 40–54 (odds ratio
(OR) = 1.27; 95% confidence interval (CI) = 1.00, 1.62), compared to living in a CBSA with no coverage.
This OR corresponded to an average increase in the probability of cessation of 1.4 percentage points.
Coverage by a self-reported workplace policy was also associated with a higher odds of cessation for
individuals ages 40–54 (OR = 1.22; 95% CI = 1.02, 1.45). The average increase in the probability of
cessation associated with working in an environment with a smoke-free policy was 1.5 percentage
points. Neither workplace smoke-free laws nor self-reported workplace policies were associated with
cessation for individuals aged 25–39 or 55–65. There were no statistically significant associations
between smoke-free hospitality law coverage and cessation for any age group in adjusted models
without interaction terms.
Table 2. Odds ratios for smoking cessation associated with smoke-free laws and self-reported workplace
policy coverage in adjusted models.
Model 1 a Model 2 b Model 3 c
Smoke-free workplace law Ages 25–39 1.20 * (1.03–1.40) 1.06 (0.86–1.32)
Ages 40–54 1.12 (0.94–1.33) 1.27 * (1.00–1.62)
Ages 55–65 1.19 (0.95–1.50) 0.98 (0.71–1.34)
Smoke-free hospitality law Ages 25–39 1.20 * (1.02–1.40) 1.07 (0.86–1.34)
Ages 40–54 0.99 (0.83–1.19) 0.85 (0.66–1.10)
Ages 55–65 1.30 * (1.03–1.63) 1.26 (0.91–1.75)
Smoke-free workplace policy (self-report) Ages 25–39 1.05 (0.93–1.19) 1.00 (0.88–1.13)
Ages 40–54 1.30 ** (1.10–1.55) 1.22 * (1.02–1.45)
Ages 55–65 0.84 (0.65–1.09) 0.80 (0.62–1.04)
a Bivariate associations, with state and year fixed effects. b Model controls for other smoke-free laws, education,
race/ethnicity, family income, gender, age, state-level tobacco price, state-level anti-smoking sentiment, and state
tobacco control expenditures, with state and year fixed effects. c Model controls for smoke-free laws in hospitality
venues, education, race/ethnicity, family income, gender, age, state-level tobacco price, state-level anti-smoking
sentiment, and state tobacco control expenditures, with state and year fixed effects. * p < 0.05; ** p < 0.01.
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3.3. Effect Modification by Sociodemographic Factors
p-values for all models with two-way and three-way interaction terms are summarized in Table 3.
We did not find any statistically significant interactions in two-way interaction models exploring
interactions between each policy exposure and each sociodemographic characteristic (gender, education,
race/ethnicity, or income) after adjusting for multiple testing. The three-way interaction between
workplace smoke-free laws, gender, and family income was statistically significant for the youngest
age group (p-interactionlaw×gender×income = 0.004), as was the three-way interaction between hospitality
smoke-free laws, gender, and education for the middle age group (p-interactionlaw×gender×education =
0.039). After applying the Benjamini–Hochberg correction method, only the p-value for the interaction
between workplace laws, gender, and income remained below the critical threshold. Detailed results
from all model specifications including interaction terms are available in the Supplementary Material.
Table 3. p-values associated with interaction terms across age-stratified models a.
Ages 25–39 Ages 40–54 Ages 55–65
Workplace law interactions
Gender 0.717 0.553 0.965
Education 0.969 0.712 0.815
Education×gender 0.412 0.230 0.378
Race/ethnicity 0.223 0.989 0.530
Race/ethnicity×gender 0.680 0.202 0.688
Family income 0.264 0.898 0.758
Family income×gender 0.004 † 0.846 0.427
Hospitality law interactions
Gender 0.934 0.940 0.539
Education 0.161 0.782 0.849
Education×gender 0.727 0.039 0.557
Race/ethnicity 0.234 0.377 0.054
Race/ethnicity×gender 0.643 0.477 0.611
Family income 0.284 0.207 0.374
Family income×gender 0.184 0.483 0.441
Self-reported workplace policy interactions
Gender 0.922 0.751 0.810
Education 0.861 0.722 0.569
Education×gender 0.913 0.114 0.224
Race/ethnicity 0.155 0.934 0.578
Race/ethnicity×gender 0.581 0.456 0.601
Family income 0.888 0.278 0.553
Family income×gender 0.964 0.810 0.279
a Each p-value represents a separate model. † p-value below the critical threshold after adjusting for
multiple comparisons.
To further examine the significant interaction between workplace laws, gender, and family income,
we limited the sample to adults ages 25–39 and included a two-way interaction term between workplace
laws and family income in models stratified by gender. We found evidence of effect modification by
income for females (p-interactionlaw×income = 0.002), but not for males (p-interactionlaw×income = 0.234).
Figure 1 contains marginal predicted probability plots for cessation associated with smoke-free law
coverage of workplaces, across categories of family income, for both men and women between the ages
of 25 and 39. The change in cessation associated with smoke-free law coverage was most pronounced
among women with annual family incomes <$15k. Within this income group, the probability of
cessation for women living in a CBSA with full workplace smoke-free law coverage was approximately
twice that of women in CBSAs with no coverage. Workplace law coverage did not appear strongly
associated with cessation at any other income level.
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family income for (a) females and (b) males.
3.4. Sensitivity Analyses
When we examined whether the associations between cessation and workplace smoke-free laws
differed if the sample was restricted only to working adults, we found that the results were similar in
magnitude and direction, although no relationships reached statistical significance at the 0.05 level,
likely due to reduced sample size. We also examined whether results using smoke-free law variables
that were lagged by one year were consistent with results from non-lagged variables and found that
associations were similar across the two specifications. We ran models using smoke-free law variables
with three levels based on the timing of the law’s passage (law passed within two years prior to the
survey, law passed more than two years prior to the survey, no law passed). We found no evidence
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that the timing of the laws’ passage resulted in differential associations with cessation. The inclusion
of variables capturing smokeless tobacco and e-cigarette use slightly attenuated associations. These
variables were not included in final models because they were hypothesized to potentially mediate the
relationship between smoking restrictions and cessation. Finally, additional state-level demographic
variables representing the percent of the population below the federal poverty level and the percent of
the population that was unemployed did not impact results and so were not included in final models.
4. Discussion
In this study, we examined the association between several measures of smoking restrictions
and cessation, and we included a systematic analysis of differential associations across population
subgroups. We found that both CBSA-level workplace law coverage and self-reported workplace
policies were associated with a higher odds of 90-day cessation for individuals ages 40–54; we did
not find that smoking restrictions were associated with cessation across other age groups. The point
estimates for workplace smoking restrictions were in line with a review of smoke-free policies that
reported a range of ORs for cessation associated with exposure to smoke-free policies of 1.21–1.92 [5].
That we did not find more consistent associations between any smoke-free measure and cessation
across all age groups may be somewhat surprising, given that several evidence reviews have reported
positive associations between smoking restrictions and cessation [4,5,25]. One potential explanation
is that these reviews are based on data from earlier time periods, compared to the timespan of data
included in this analysis, and that the effects of smoking restrictions may have decreased over time.
The tobacco control landscape has changed considerably in recent decades, including the expansion
of voluntary smoke-free policies, as well as other tobacco control interventions, including media
campaigns and taxes on tobacco products [26]. More recent analyses of smoke-free laws and quit
attempts have yielded mixed results. An evaluation of 2009 data from the National Health Interview
Survey did not find an association between smoke-free laws and quit attempts [7], while an analysis of
longitudinal data from the Coronary Artery Risk Development in Young Adults (CARDIA) study found
that smoking bans in bars and restaurants were associated with increased quit attempts, although these
results were sensitive to the functional form of control variables representing secular time trends [8].
Neither of the analyses explored cessation as an outcome.
The evaluation of different measures of smoke-free workplace coverage is a strength of our study.
The two workplace variables captured different dimensions of smoke-free work environments, as well
as potentially different mechanisms through which smoking bans might impact smoking behavior. The
self-reported measure represented exposure to both smoke-free laws and policies from other sources
(e.g., an employer) and encompassed the relationship between smoking restrictions and cessation
among individuals who worked in environments that would be directly impacted by these policies.
With the CBSA-based variable, all individuals were “exposed” or “unexposed” to smoke-free laws
in their local area, regardless of employment status. In addition to capturing associations among
working people, using the area-level exposure allowed for smoke-free laws to impact cessation through
changing broader community norms around smoking behavior. Examining associations among all
individuals may be important to determining population-level effects, as prior research has noted
that the full impact of smoking restrictions is difficult if not impossible to disentangle from other
factors associated with the implementation of such restrictions, including local media coverage and
outreach [6].
In our sample, it is also interesting to note that while there was a substantial increase in smoke-free
workplace laws over the time period of our study (9.7%–63.8%), the increase in the proportion of
respondents indicating coverage by workplace smoking restrictions began at a relatively high level and
increased only modestly (69.8%–74.7%). It is likely that the impact of expanded smoke-free workplace
laws in this study may have been muted by pre-existing policies put in place by private firms. The
lack of concordance between the change in the ecologic variable and the change in the self-reported
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variable over the study period further underscores the importance of considering multiple approaches
to measuring exposure to smoking restrictions.
In our analysis of effect modification, the association between workplace smoke-free laws and
smoking cessation among women aged 25–39 was strongest in the lowest income group (<$15k annual
family income), compared to women at other income levels. This finding may be partially explained
if lower income women were less likely to be covered by employer-instituted smoke-free policies
compared to higher income women, and thus may have been more likely to be directly impacted
by expanded smoke-free law coverage. Prior research using TUS-CPS data from 1998–2002 (before
the widespread implementation of smoke-free laws) found that women with lower income levels
were less likely to report smoke-free policies in their workplaces, compared to women with higher
incomes [9]. A study using data from the 2014–2015 wave of the TUS-CPS also found that the proportion
of workers reporting coverage by a 100% smoke-free policy was lowest among individuals with an
annual household income <$35,000, compared to individuals at higher income levels [27]. An avenue
for future research could be to investigate whether the impact of legislated smoking restrictions on
cessation is stronger in contexts where voluntary policies are less prevalent, as in many countries that
rapidly adopted policies recommended by the Framework Convention on Tobacco Control (FCTC).
Aside from age and the intersection of age, income, and gender, we found limited evidence of
differential associations across population subgroups. There was no evidence of effect modification by
race/ethnicity. Education also did not appear to modify relationships between any smoke-free measure
and cessation, although there was evidence of joint effect modification by education and gender for
hospitality smoke-free laws. However, this finding did not remain significant after adjusting for
multiple testing. The null findings for these effect modification variables are consistent with a number
of prior studies, primarily focused on smoking prevalence and intensity [12,28,29]. In a review, Thomas
et al. found insufficient evidence that the effects of smoking restrictions in workplaces and public places
varied by income, education, or ethnicity. Effects by age were inconsistent, and there was no evidence
that associations differed by gender [12]. The perceived equity impact of smoking restrictions may
also be highly sensitive to the outcome being studied. For example, in their analysis of longitudinal
CARDIA data, Mayne et al. found that the relationship between hospitality smoke-free law coverage
and current smoking was stronger among individuals of higher SES, but that the association between
hospitality smoke-free laws and quit attempts was stronger among lower-SES individuals [8]. Our
findings regarding effect modification by income suggest that there may be a stronger association
between workplace smoke-free laws and cessation among women with lower SES, although these
results should be interpreted with caution given the limitations described below, including the use of
cross-sectional data in this analysis. Future research should examine this potential relationship in a
longitudinal sample.
This study has a number of limitations. First, while we accounted for state-level tobacco
control expenditures and average cigarette prices, we were not able to control for all tobacco control
interventions, including media campaigns and sub-state level variation in tobacco taxes. Similarly, we
did not account for whether there may have been partial smoking bans in place that did not meet the
criteria for being characterized as 100% smoke-free. Our measures also did not consider compliance,
although prior studies in the U.S. have suggested that compliance to comprehensive smoking bans
tends to be high [30]. However, if the extent of compliance differed across sociodemographic groups,
this could have implications for the differential effectiveness of smoke-free policies. This is an avenue for
future research. Exposure to smoke-free laws and policies was likely misclassified for some individuals.
Using a 90-day cessation measure, we were not able to test for permanent cessation. As our data were
cross-sectional, we were not able to observe longitudinal changes in smoking behavior and the extent to
which these coincided with implementation of smoking restrictions, which limits the causal assertions
we can make about their impact on smoking cessation. Although all effect modification analyses were
pre-specified and we applied a correction method for multiple testing, it is possible that significant
findings were due to chance, given the number of model specifications included in this analysis. A
Int. J. Environ. Res. Public Health 2019, 16, 3200 10 of 12
substantial body of literature has elaborated on the potential for spurious results associated with
multiple comparisons [31,32]. In addition, we did not consider the extent to which smoke-free policies
may have been introduced alongside other cessation support services, particularly in workplaces [27].
While outside of the scope of this study, such cessation services, including counseling and self-help
materials, may impact the relationship between smoke-free policies and cessation. They may also
be increasingly important to consider given incentives under the Affordable Care Act to expand
employer-based tobacco cessation programs [33]. Finally, we did not examine relationships between
smoke-free laws and other aspects of smoking behavior, such as smoking initiation or intensity, or
explore additional populations characterized by health disparities, including individuals with mental
illness or those living in rural environments. These are areas for future research.
Strengths of this study include pooling data from multiple waves of a nationally representative
survey that provided a large sample to explore differential effects of newly implemented smoke-free
laws and policies on cessation across several key sociodemographic variables. Our approach to
systematically evaluating associations between smoking restrictions and cessation across population
subgroups can be adapted to evaluate other tobacco control policies, although the mechanisms of
health equity impacts may be different for other interventions. We also used a detailed measure of
smoke-free law coverage, which assigned individuals a probability of coverage based on all smoke-free
laws passed at the state, county, and city level within each respondent’s CBSA of residence. We are
not aware of any previous studies that have developed multiple measures of exposure to smoking
restrictions—drawing on self-reports of workplace policies as well as information on the geographic
distribution of smoke-free law coverage—to examine the relationship between these measures and
disparities in smoking cessation. While our analysis is specific to the adult population in the U.S., the
methods described here can be adapted to other contexts and countries that have expanded smoking
restrictions in recent years.
5. Conclusions
We found that workplace smoking restrictions were inconsistently associated with 90-day smoking
cessation, and that results varied by age, income, and gender. We did not find evidence that smoke-free
laws in hospitality venues were associated with cessation. Our study updates evidence from prior
decades on the impacts of smoke-free policies and underscores the importance of considering health
equity in policy evaluations.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/17/3200/s1,
Table S1: Odds ratios for cessation associated with smoke-free workplace law coverage by gender, Table S2:
Odds ratios for cessation associated with smoke-free workplace law coverage across levels of education, and
education and gender, Table S3: Odds ratios for cessation associated with smoke-free workplace law coverage
across categories of race/ethnicity, and race/ethnicity and gender, Table S4: Odds ratios for cessation associated
with smoke-free workplace law coverage across levels of family income, and family income and gender, Table S5:
Gender-stratified odds ratios for cessation associated with smoke-free workplace law coverage across categories of
family income, ages 25–39, Table S6: Odds ratios for cessation associated with smoke-free hospitality law coverage
by gender, Table S7: Odds ratios for cessation associated with smoke-free hospitality law coverage across levels of
education, and education and gender, Table, S8: Odds ratios for cessation associated with smoke-free hospitality
law coverage across categories of race/ethnicity, and race/ethnicity and gender, Table S9: Odds ratios for cessation
associated with smoke-free hospitality law coverage across levels of family income, and family income and gender,
Table S10: Odds ratios for cessation associated with self-reported workplace smoke-free policy coverage by gender,
Table S11: Odds ratios for cessation associated with self-reported workplace smoke-free policy coverage across
levels of education, and education and gender, Table S12: Odds ratios for cessation associated with self-reported
workplace smoke-free policy coverage across categories of race/ethnicity, and race/ethnicity and gender, Table S13:
Odds ratios for cessation associated with self-reported workplace smoke-free policy coverage across levels of
family income, and family income and gender.
Author Contributions: Conceptualization, N.L.F.; methodology, A.R.T., L.K., R.M., D.T.L., J.F.T., M.R.E., P.M.L.,
and N.L.F.; formal analysis, A.R.T.; writing—original draft preparation, A.R.T.; writing—review and editing,
L.K., R.M., D.T.L., J.F.T., M.R.E., P.M.L., and N.L.F.; supervision, N.L.F.; project administration, N.L.F.; funding
acquisition, N.L.F.
Int. J. Environ. Res. Public Health 2019, 16, 3200 11 of 12
Funding: Research reported in this publication was supported by the National Cancer Institute of the National
Institutes of Health under Award Numbers R37CA214787 and U01CA199284. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the National Institutes of Health.
Acknowledgments: We would like to thank Chandler McLeod for his assistance with the income imputation.
Conflicts of Interest: The authors declare no conflicts of interest.
References
1. Smoking and Tobacco Use: Data and Statistics. Centers for Disease Control and Prevention. Available online:
https://www.cdc.gov/tobacco/data_statistics/index.htm (accessed on 8 July 2019).
2. Frazer, K.; Callinan, J.E.; McHugh, J.; van Baarsel, S.; Clarke, A.; Doherty, K.; Kelleher, C. Legislative smoking
bans for reducing harms from secondhand smoke exposure, smoking prevalence and tobacco consumption.
In Cochrane Database of Systematic Reviews; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2016.
3. Fichtenberg, C.M.; Glantz, S.A. Effect of smoke-free workplaces on smoking behaviour: Systematic review.
BMJ 2002, 325, 188. [CrossRef] [PubMed]
4. Hoffman, S.J.; Tan, C. Overview of systematic reviews on the health-related effects of government tobacco
control policies. BMC Public Health 2015, 15, 744. [CrossRef] [PubMed]
5. Hopkins, D.P.; Razi, S.; Leeks, K.D.; Priya Kalra, G.; Chattopadhyay, S.K.; Soler, R.E. Task Force on Community
Preventive Services Smokefree policies to reduce tobacco use. A systematic review. Am. J. Prev. Med. 2010,
38, S275–S289. [CrossRef] [PubMed]
6. Mozaffarian, D.; Afshin, A.; Benowitz, N.L.; Bittner, V.; Daniels, S.R.; Franch, H.A.; Jacobs, D.R.; Kraus, W.E.;
Kris-Etherton, P.M.; Krummel, D.A.; et al. AHA Scientific Statement Population Approaches to Improve
Diet, Physical Activity, and Smoking Habits A Scientific Statement From the American Heart Association.
Circulation 2012, 126, 1514–1563. [CrossRef] [PubMed]
7. Jiang, N.; Gonzalez, M.; Ling, P.M.; Glantz, S.A. Relationship of Smokefree Laws and Alcohol Use with Light
and Intermittent Smoking and Quit Attempts among US Adults and Alcohol Users. PLoS ONE 2015, 10,
e0137023. [CrossRef] [PubMed]
8. Mayne, S.L.; Auchincloss, A.H.; Tabb, L.P.; Stehr, M.; Shikany, J.M.; Schreiner, P.J.; Widome, R.;
Gordon-Larsen, P. Associations of Bar and Restaurant Smoking Bans With Smoking Behavior in the
CARDIA Study: A 25-Year Study. Am. J. Epidemiol. 2018, 187, 1250–1258. [CrossRef] [PubMed]
9. Shavers, V.L.; Fagan, P.; Alexander, L.A.J.; Clayton, R.; Doucet, J.; Baezconde-Garbanati, L. Workplace and
home smoking restrictions and racial/ethnic variation in the prevalence and intensity of current cigarette
smoking among women by poverty status, TUS-CPS 1998–1999 and 2001–2002. J. Epidemiol. Community
Health 2006, 60, ii34–ii43. [CrossRef] [PubMed]
10. Frieden, T.R.; Mostashari, F.; Kerker, B.D.; Miller, N.; Hajat, A.; Frankel, M. Adult tobacco use levels after
intensive tobacco control measures: New York City, 2002–2003. Am. J. Public Health 2005, 95, 1016–1023.
[CrossRef] [PubMed]
11. Hill, S.; Amos, A.; Clifford, D.; Platt, S. Impact of tobacco control interventions on socioeconomic inequalities
in smoking: Review of the evidence. Tob. Control 2014, 23, e89–e97. [CrossRef] [PubMed]
12. Thomas, S.; Fayter, D.; Misso, K.; Ogilvie, D.; Petticrew, M.; Sowden, A.; Whitehead, M.; Worthy, G. Population
tobacco control interventions and their effects on social inequalities in smoking: Systematic review. Tob.
Control 2008, 17, 230–237. [CrossRef] [PubMed]
13. Brown, T.; Platt, S.; Amos, A. Equity impact of population-level interventions and policies to reduce smoking
in adults: A systematic review. Drug Alcohol Depend. 2014, 138, 7–16. [CrossRef] [PubMed]
14. Tobacco Use Supplement-Current Population Survey. Healthy People 2020. Available online: https:
//www.healthypeople.gov/2020/data-source/tobacco-use-supplement-current-population-survey (accessed
on 18 June 2018).
15. Flood, S.; King, M.; Ruggles, S.; Warren, J.R. Integrated Public Use Microdata Series, Current Population
Survey: Version 5.0. Available online: https://ipums.org/projects/ipums-cps/d030.v5.0 (accessed on
26 July 2019).
16. US Census Bureau Imputation of Unreported Data Items. Available online: https://www.census.gov/
programs-surveys/cps/technical-documentation/methodology/imputation-of-unreported-data-items.html
(accessed on 18 June 2019).
Int. J. Environ. Res. Public Health 2019, 16, 3200 12 of 12
17. IVEware: Imputation and Variance Estimation Software, Version 0.3. Available online: https://www.src.isr.
umich.edu/software/ (accessed on 29 August 2018).
18. US Census Bureau Geography 2010 Geographic Terms and Concepts—Core Based Statistical Areas and
Related Statistical Areas. Available online: https://www.census.gov/geo/reference/gtc/gtc_cbsa.html (accessed
on 5 June 2018).
19. Tobacco Control Laws Database: A Tool for Researchers. Available online: https://no-smoke.org/tobacco-
control-laws-database-tool-researchers/ (accessed on 18 June 2019).
20. Gonzalez, M.; Sanders-Jackson, A.; Song, A.V.; Cheng, K.; Glantz, S.A. Strong Smoke-Free Law Coverage in
the United States by Race/Ethnicity: 2000–2009. Am. J. Public Health 2013, 103, e62–e66. [CrossRef] [PubMed]
21. US Census Bureau Population and Housing Unit Estimates. Available online: https://www.census.gov/popest
(accessed on 18 June 2019).
22. The Tax Burden on Tobacco Volume 51, 1970–2016. HealthData.gov. Available online: https://www.healthdata.
gov/dataset/tax-burden-tobacco-volume-51-1970-2016-0 (accessed on 28 February 2018).
23. Broken Promises to Our Children: A State-by-State Look at the 1998 Tobacco Settlement
19 Years Later. Campaign for Tobacco-Free Kids. 13 December 2017. Available
online: https://www.tobaccofreekids.org/assets/content/what_we_do/state_local_issues/settlement/FY2018/
FY2018_state_settlement_report.pdf (accessed on 28 February 2018).
24. Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to
Multiple Testing. J. R. Stat. Soc. Series B. Stat. Methodol. 1995, 57, 289–300. [CrossRef]
25. Callinan, J.E.; Clarke, A.; Doherty, K.; Kelleher, C. Legislative smoking bans for reducing secondhand smoke
exposure, smoking prevalence and tobacco consumption. Cochrane Database Syst. Rev. 2010, 4, CD005992.
26. Office on Smoking and Health (US). The Health Consequences of Involuntary Exposure to Tobacco Smoke: A Report
of the Surgeon General; Publications and Reports of the Surgeon General; Centers for Disease Control and
Prevention (US): Atlanta, GA, USA, 2006.
27. Syamlal, G.; King, B.A.; Mazurek, J.M. Workplace Smoke-Free Policies and Cessation Programs Among U.S.
Working Adults. Am. J. Prev. Med. 2019, 56, 548–562. [CrossRef] [PubMed]
28. Moskowitz, J.M.; Lin, Z.; Hudes, E.S. The impact of workplace smoking ordinances in California on smoking
cessation. Am. J. Public Health 2000, 90, 757–761. [PubMed]
29. Dinno, A.; Glantz, S. Tobacco control policies are egalitarian: A vulnerabilities perspective on clean indoor air
laws, cigarette prices, and tobacco use disparities. Soc. Sci. Med. 2009, 68, 1439–1447. [CrossRef] [PubMed]
30. Smokefree Policies Result in High Levels of Compliance. CDC. Available online: https://www.cdc.
gov/tobacco/data_statistics/fact_sheets/secondhand_smoke/protection/compliance/index.htm (accessed on
8 August 2019).
31. Lindquist, M.A.; Mejia, A. Zen and the art of multiple comparisons. Psychosom. Med. 2015, 77, 114–125.
[CrossRef] [PubMed]
32. Ranganathan, P.; Pramesh, C.S.; Buyse, M. Common pitfalls in statistical analysis: The perils of multiple
testing. Perspect. Clin. Res. 2016, 7, 106–107. [CrossRef] [PubMed]
33. Pesko, M.F.; Bains, J.; Maclean, C.; Cook, B.L. Nearly Half Of Small Employers Using Tobacco Surcharges Do
Not Provide Tobacco Cessation Wellness Programs. Health Aff. 2018, 37, 473–481. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
